| INTRODUCTION
Urinary tract infection (UTI) is common in dogs, with a positive urine culture (PUC) incidence of 14.7% in 1 study. 1 Other studies have reported a prevalence of subclinical bacteriuria between 2.1% and 8.9% in healthy dogs. 2, 3 The virulence of organisms and alterations in the anatomical or immunological competency of the host all can play a role in the development of UTI or subclinical bacteriuria. 4 Both UTI and subclinical bacteriuria may occur as a primary disease or secondary to other conditions. Numerous studies in the veterinary literature have described a higher UTI prevalence in dogs with various underlying diseases, including diabetes mellitus (37%), 5 hyperadrenocorticism (46%), 5 thoracolumbar vertebral disk herniation (38%), 6 and obesity (25%). 7 In cats, studies have shown an increased prevalence of UTIs in chronic kidney disease (CKD). The reported prevalence of UTIs in cats with CKD was 22% and 29% in 2 studies. 8, 9 However, in most of Abbreviations: AIC, Akaike information criterion; CI, confidence interval; cfu/mL, colony-forming units per milliliter; CKD, chronic kidney disease; GLM, generalized linear model; IQR, interquartile range; IRIS, International Renal Interest Society; LUTD, lower urinary tract disease; PLET, positive leukocyte esterase test; PUC, positive urine culture; OR, odds ratio; USG, urine-specific gravity; UTI, urinary tract infection.
these studies in dogs and cats, the authors did not define UTI versus subclinical bacteriuria in their populations. The diagnostic criteria for differentiating UTIs from subclinical bacteriuria are not well defined in dogs. In a recent retrospective study, the authors adapted criteria used in humans to try to distinguish subclinical bacteriuria from UTIs in chronically paralyzed dogs. 10 A PUC was found in 75% of them, and pyuria was highly associated with the presence of a PUC, whereas fever was unusual. Previous guidelines for diagnosing dogs with UTIs included inappropriate urination, dysuria, gross hematuria, stranguria, pollakiuria, and significant bacteriuria (>1.10 3 colony-forming units per milliliter [cfu/mL] for urine collected by cystocentesis) determined by a quantitative urine culture. 11, 12 In contrast to cats, no clinical studies have evaluated the frequency of PUCs in dogs with CKD.
We hypothesized that dogs with CKD would have a higher frequency of PUC than that indicated by data published for healthy dogs. Ultrasonographic changes consistent with CKD were loss of corticomedullary distinction, decreased kidney size, abnormalities in kidney shape or architecture, or a combination of these.
Dogs with a normal serum creatinine concentration but presenting with 1 of the criteria described above (inappropriate urine concentration and ultrasonographic changes consistent with CKD, persistent proteinuria of renal origin, or renal disease diagnosed by histology) were classi- A range of standard methods for the phenotypic identification of isolates was used along with commercial biochemical identification kits.
Antimicrobial susceptibility testing was performed for all isolates using the Kirby-Bauer disc diffusion method for a range of antimicrobials according to the guidelines of the Clinical Laboratory Standards Institute. 13 Growth was quantified in cfu/mL.
For our study, a PUC was defined as finding growth of ≥1000 cfu/mL from the urine samples. A UTI was defined as inappropriate urination, dysuria, gross hematuria, stranguria, or pollakiuria associated with significant bacteriuria (>1.10 3 cfu/mL). 11, 12 Dogs with a PUC and without clinical signs of LUTD were defined as having subclinical bacteriuria.
When multiple urine cultures were performed in the same dog, data were collected at the time of the first PUC.
Multidrug resistance was defined as resistance to 1 agent in at least 3 separate antimicrobial categories in which the wild-type bacteria would normally be susceptible. Possible extreme drug resistance was defined as resistance to all except ≤2 antimicrobial categories tested. Possible pan-drug resistance was defined as resistance to all tested antimicrobials. 14 The term "possible" was used because only a subset of antimicrobial agents was tested compared to the full list of antimicrobial categories proposed for each bacteria. 14 
| Data representativeness
To assess the representativeness of our results in the general population of dogs with CKD of both hospitals, we evaluated at the percentage of dogs presenting with CKD and having at least 1 urine culture performed. The electronic medical record database was searched using the words "renal" and "CKD" during the same study period. Records containing 1 of these words in the conclusion were reviewed to confirm that the dogs were diagnosed with CKD, using the criteria defined above. Records then were searched to determine whether these dogs had a urine culture performed at least once, and the percentage of dogs with CKD having a urine culture performed was calculated.
| Statistical analysis
The PUC frequencies and 95% confidence intervals (CIs) were calcu- Statistical analyses were performed using statistical software (XLSTAT and R studio). A P-value <.05 was considered statistically significant.
3 | RESULTS A single bacterial species was isolated in 61 of 65 dogs with PUC, whereas 2 isolates were found in 3 dogs and 3 isolates were found in 1 dog. Among all isolates, 11% were susceptible to all tested antimicrobials, whereas 54%, 19%, and 3% were classified as having multidrug resistance, possible extensive drug resistance, and possible pan-drug resistance, respectively.
| Study population
The 
| Risk factors for PUC
The best GLM (ie, the GLM with the lowest AIC) was the model including sex, USG, and IRIS stage as explanatory variables. The results are presented in 
| Associations with PUC
In the second GLM, only a PLET and the presence of microorganisms by urine sediment analysis were significantly associated with the presence of a PUC (Table 3) . Leukocytosis, urine pH, signs of cystitis on ultrasound examination, and a history of clinical signs of LUTD were not significantly associated with the presence of a PUC but were included in the best GLM. However, 11% of dogs (7/62) had neither a PLET nor microorganisms by urine sediment analysis despite having a PUC.
Of the 160 dogs for which the result of leukocyte esterase test and the presence of leukocytes on urine sediment examination were recorded, 142 tests were in agreement, corresponding to an 88.8% simple agreement. Furthermore, the value of the phi coefficient, corresponding to the Pearson correlation coefficient for 2 binomial variables, was high and significant (0.7205; P < .001), showing very good agreement between a PLET and the presence of leukocytes on sediment examination.
| Data representativeness
Sixty-nine percent of dogs that presented for CKD at both hospitals had a urine culture performed at least once during the study period. When data were not available for the entire population, the number of dogs in which it was evaluated is specified. Abbreviations: PLET, positive leukocyte esterase test; PUC, positive urine culture; USG, urine-specific gravity. with other conditions that could predispose to UTIs or subclinical bacteriuria were excluded from our study, it is unlikely that the high frequency found was attributable to a disease other than CKD. Similar results have been reported in 2 studies in cats with CKD, 8, 9 with a prevalence of 29% found in 1 of the studies. 9 Furthermore, a recent study reported that subclinical bacteriuria was significantly associated with the presence of CKD in cats. 16 These findings suggest that CKD could predispose dogs and cats to PUC. However, the mechanism underlying this potential predisposition is not well understood.
Our study shows that isosthenuria is a risk factor for the development of PUC, with an OR of 2.48 for having a PUC in dogs with a USG ≤ 1.012 compared with dogs with a USG between 1.013 and 1.024. A high USG and the associated high concentration of intrinsic antimicrobial factors are considered part of the lower urinary tract's normal defenses against bacteria via bacteriostatic effects. 17 Because of this mechanism, it has been suggested that diseases promoting isosthenuria could cause a predisposition to subclinical bacteriuria and UTIs. Our results are in accordance with this hypothesis, and isosthenuria partially could explain the increased frequency of PUC in dogs with CKD in our study. In cats, 1 study reported that subclinical bacteriuria was significantly associated with lower USG. 16 However, other authors found discordant results, with decreased USG not being associated with increased risk of a PUC in 1 study in cats 18 and in 2 studies in dogs. 5, 19 Mechanisms other than isosthenuria probably are involved, but these remain to be determined. Some authors have stated that CKD is associated with an increased risk of UTIs in dogs and cats secondary to impaired systemic immunity and local immune function. 20 To date, no published data are available to confirm this statement. In humans, although diuresis and increased voiding frequency are considered to decrease the bacterial colony count in patients diagnosed with UTI, decreased voiding frequency in the face of dilute urine (ie, at night when the patient is asleep) can result in increased urine bacterial counts. 17 This also could be true in dogs, and it could be another mechanism underlying the high risk of PUC in CKD.
Another risk factor identified in our study is sex, with females having an OR of 3.2 for having a PUC compared with males. This finding was expected, because other studies have shown an increased prevalence of UTIs in female dogs, 1 female cats, 16 and women. 21 Furthermore, a significant association between female sex and UTIs in cats with CKD has been shown. 8 Females are likely to have increased risk of ascending infection related to differences in urethral anatomy and closer proximity of the urethra to the anus. 16 Furthermore, in male dogs, prostatic secretions that contain zinc are bacteriostatic, and, together with the length of the urethra, these secretions are important defense mechanisms against bacteria and could cause PUC to be less common in males than in females. 17 The last risk factor identified in our study was decreased risk of Finally, neuter status and age were not associated with increased risk of PUC in our population, a finding that differs from another study reporting an increased risk of a PUC in intact females and older dogs. An interesting finding is that dogs with IRIS stage 1 CKD also had a high frequency of PUC (28%) in our study. This frequency is much higher than that encountered in healthy animals. [1] [2] [3] To the best of our knowledge, such information is not available in cats, as 84 of 86 cats in another study had CKD of at least stage 2. 9 In humans, especially in children, a UTI is considered to be a warning sign of the presence of kidney or lower urinary tract abnormalities. 22 The same could be true for dogs, but the paucity of currently available information prevents any definitive conclusions.
Escherichia coli was the most common isolate in our study, as reported in other studies, and was encountered in 67% of cases. This percentage is higher than that previously reported in dogs 1, 6, 10 but similar to that reported in a study of cats with CKD. 9 Coagulasenegative staphylococci constituted the second most common isolate, which also is in agreement with another study. 1 A high degree of antimicrobial resistance was found in our study, with multidrug resistance In our study, only 8% of dogs with PUC had documented signs of LUTD and were defined as having a UTI according to traditional guidelines. 10, 11 This finding also has been reported in studies of cats with CKD 8 and dogs with diseases that predispose to UTI or subclinical bacteriuria. 5, 6 Frequent voiding of urine because of polyuria and polydipsia could be an explanation for the high frequency of asymptomatic bacteriuria in this subset of dogs with CKD. Furthermore, in humans, some strains of E. coli have been shown to lack essential virulence factors and are associated with asymptomatic bacteriuria. 25 The high frequency of E. coli in our study could be another explanation for the high prevalence of asymptomatic bacteriuria in our population. In addition, some studies in humans have shown that asymptomatic bacterial colonization of the bladder can prevent symptomatic UTI caused by the colonization of the urinary bladder by more virulent strains. 26, 27 Indeed, this prophylactic alternative to antimicrobial treatment also has been tested in dogs. 28 Controversies exist regarding whether subclinical bacteriuria should be treated. Some studies have stated that treatment may not be necessary in animals with subclinical bacteriuria, and that treating subclinical bacteriuria might result in the development of antimicrobial-resistant uropathogens. 3, 11 Therefore, treatment largely is not recommended in healthy dogs. However, in cases of CKD, the risk of ascending infection exacerbating renal injury should be considered. 11 A prospective study evaluating dogs with CKD and PUC, especially a study comparing the rate of CKD progression with and without antimicrobial treatment, would help to determine the most appropriate guidelines for the management of subclinical bacteriuria.
Our study showed a significant association between a PLET by dipstick or the presence of microorganisms by urine sediment analysis and a PUC; both were expected findings. In fact, a similar association between the presence of microorganisms on urine sediment analysis and PUC previously has been reported in cats 8, 16 and dogs. 10 In our study, the leukocyte esterase test by dipstick was used instead of the white blood cell count by microscopic sediment analysis because this information was not available in most of the dogs' records, which is a limitation of our study. However, very good agreement was found between a PLET and the presence of leukocytes on urine sediment examination in cases in which both results were available. The leukocyte esterase test by dipstick has been shown to have high specificity (93.2%) but low sensitivity (46%) for the detection of pyuria in dogs, without a definitive explanation for this low sensitivity. 29 Low sensitivity can be because of a low number of neutrophils in samples or can be related to differences in the release of the enzyme by leukocytes in dogs compared to humans, as suspected for the diagnosis of bacterial peritonitis in dogs with ascites. 30 In our study, this low sensitivity could be an explanation for the finding that 11% of dogs with PUC showed neither a PLET nor microorganisms detected by urine sediment analysis. It is also possible that these dogs did not have PUC and that sample contamination resulted in bacterial growth. However, we believe this was unlikely because 6 of 7 had ≥10 6 cfu/mL, and contamination usually results in a maximum of 100 cfu/mL in urine collected by cystocentesis. 31 Therefore, despite the finding that urinalysis was a useful predictor of a PUC, the results were not always in agreement with the urine culture results, demonstrating that urinalysis alone should not be used to exclude bacteriuria.
Our study had some limitations. Because of its retrospective design, adequate information was not always available in the record of each dog, as shown in Table 1 , and the presence or absence of signs of LUTD was primarily based on owner observations, with possible inaccuracies. However, we believe that most important information was available, and it seems unlikely that LUTD signs were overlooked or not recorded. Additionally, a selection bias may exist because subjects were included if a urine culture was performed; this decision was made by the attending clinician and may have been influenced by the presence of clinical signs of LUTD. However, the high percentage of subclinical cases in our study is not in favor of this hypothesis. Furthermore, to verify the representativeness of our results, we looked at the percentage of dogs having a culture performed when diagnosed with CKD. The results showed that more than two-thirds of dogs with CKD were screened for subclinical bacteriuria or UTI independently of clinical signs of LUTD. Another limitation is that the dogs were classified according to the IRIS staging system only if they had 2 serum creatinine concentrations measured at least 2 weeks apart. For staging, it is recommended to determine serum creatinine concentrations over several weeks to confirm at least short-term kidney function stability. 32 The shorter time period used in our study could have led to misclassification in some cases. In contrast, it is possible than some dogs were left unclassified while being stable because they were seen only once at the hospital center.
In summary, in our study, PUC occurred in 32% of dogs with CKD and was subclinical in 92% of these cases. This high frequency of PUC also was found in dogs with IRIS stage 1 CKD. Females and dogs with isosthenuria had an increased risk of PUC in our study. A large proportion of bacterial isolates showed resistance to antimicrobials. Given the high percentage of subclinical bacteriuria and the existence of controversies regarding whether bacteriuria should be treated with antimicrobials, the question regarding the need to perform a urine culture in this subset of dogs without LUT signs remains. However, the risk of ascending infection exacerbating renal injury should be
